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Use of acetals 

Acet-X. are u.ed • -in«-l oil .ub.tltute, oil 

Acet-1- « i„vert-«.ul.ion drilUnq Bud., 

component or base oil in invert «. 

emul.ion drilling -ud.. engine oil.. ^••^'>°« ' 
lubricetin, oil. and al.o «.t.l-«orUng fluid., cool-nt 
cooling lubricant, and hydraulic fluid., ^-o^" 
conventional mineral oil., acetal. .ho« good biod.grada 
bility and are !««• toxic. 
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Description 

Use of acetals 

Mineral oils are in many cases the base oils or com- 
5 ponenta for invert-emulsion drilling muds, emulsion 
drilling muds, engine oilsV gearbox oils and lubricating 
oils and also metal-working fluids, coolants, cooling 
lubricants and hydraulic fluids. Their biodcgradation 
proceeds relatively slowly and incompletely. 

10 Mineral oil fractions are predominantly or widely used 
for invert-emulsion drilling muds, eimilaion drilling 
muds, engine oils, gearbox oils and lubricating oils and 
also metal-working fluids, coolants, cooling lubricants 
and hydraulic fluids. To satisfy the intended use, they 
15 are processed, and suitable additives are added. More 
recently, increasingly more biodegradable products are 
demanded for ecological reasons. This is particularly 
important if some contamination of the environment can 
never be completely excluded, such as is the case 
20 especially in drilling for petroleum and natural gas. 
Invert -emu Is ion drilling muds (water-in-oil emulsions) 
and emulsion drilling muds (oil-in-water emulsions) are 
.Vused for this purpose. The invert-emuls ion drilli ng muds 
v" with the hydrocarbon as the contJ.nuous phase are of 
25 greater importance. With this mud type, all the solids, 
the rock drilled off by the bit, the well walls and the 
drill pipes are wetted with oil owing to the addition of 
additives. As a result, the well walls are very satis- 
factorily stabilized and friction during drilling is 
30 minimized. The drill cuttings separated off above ground 
are wetted with oil and require separate disposal. 
Ecological problems arise offshore if the drilling mud or 
mud volumes paee into the sea. The drilling mud then 
sinks to the sea floor, where it renders all living 
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or,.ni... hydrophobic, i.e. KiU. the. 

.io^_r,,,,uitv - —7 ^:„.;\.c,„tiv. 

originally, die.el oxl " „, iow.r toxicity 

increa.ingly more highly purifx-d oU. o£ lower 
with le.. than 0.5% of .ro»-tic. .re u.ed. 

^gtUzoi398,112). 



- s-i:; r..::-::: \ ^^^^^^^^ 

.et by a ba.e oil with re.pect to '"^^'Jj 
.aponlfiebiUty and odor -"•i^5!^i5L^i=Hi!l^^ 
/surprisingly, it ha. ^'^'^'^S^ by t 1 I 
.S /the'propertie. °^ ^^^^^^^^.'p r- / 
/ .election of the e l^ t Sfla ^ ^^ ^^T ^^ 
/ ticuUrly important for thejour^point .nd the vx.co.ity 

The invention thu. rel.te. to the u.e of .cet.l. in 
Inve-rt-elLion driUlnr^-xVion -^^^i^' 

"\ . 2SSor.i^gli;:i^coolant.. cooling lubric.nt. and 

W :ydraulic fluid.. They wholly or ^^^'^^'^ ^^^J^ ^ 
V \. K-.- rttl. oil component* and mineral oii» 

T'^ hitherto Icnovm base oll«, oJ-a co»p 

^^here. 

25 A. a protective f unction..for^..ldehyde., °^ 
great importance-I.^' preparative organic chemi.try . 
Ildthyde group, are converted into acetal. by »^.n. of 

:i"variou. reaction., i--*^-^ Vt^e 
condition., are then carried out xn the 

30 neutral and al.aline range, and ^^^^^^^'^^l^l^'' 
again into alcohols and aldehyde in the acidic range. 

The acetals according to the invention are .ynthe.ized by 
elimination of water from aldehyde, and »^-'^°^';; f ; 
acidic range. Their Vnown high stability in the alkaline 
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r.„,e -ice. it pc.ible to optimize the .U-Unicy in 
i„vert-e.ul.ion drillin, -ud.. for ev-^le. v.th ..Ic.un 
hydroxide, which h.. - particuUr .dv.n.-ge o^'' "'"; 
J.ed oil.. The .cet.l. c.n be co„vort..^by_. -inple -c d 
tre-t-nt into th. very -.ily bic^eg^a.Ol. co..pon.nt. 
if th- -ire.dy high degr.dability i. to be further in 
creased. 

Mdehyde. .j^ir,S_J_^S c.rbo^to.. -re P;-;=;^"J^;; 
^IT.'iiri^r^r^^^iii' compound, .ccordin, to e 
invention. They =.n be .br.n=i,.d^.unb«n^h^d , ..tu^.te 
or un..tur.t.ed..nd .llph«ic or «o«tic. Preferably, C 
iTc-ldehyde. ere u.ed. The alcohol, u.ed .re 

.tL. preferably i to 20 carbon atom.. They can be 
branched or unbranched, ..turated oi un.aturated and 
.liphatic or aro-tic. The acetal. can be co.po.ed of a 
.dxture of different alcohol, and/or aldehyde, or of pure 
.icohol.-ahd/or aiaih^de. of th. .ame chain length. The 
compound, according to th. invention can al.o be prepared 
on the b..i. of divalS5$-^14«hyde., e.pecially tho.e 
having 1 to_lO_c£^n ato«. .uch a. ^^V^"^' 
.ciddiil^;^r-«indialdehyde. maleic acid ''«'>Vde 
.;ZI^I^cLi dialdehyde, but preferably glyoxal, with 
said alcohols. 

Becauae further additive., which i«prove the lubricating 
and other propertie.. -re highly .olubl. in the acetals, 
the acetals are very .uitable a. b.«^-Ml-, . oil com- 
ponent., mineral oil .ub.titute or mixing component, for 
invert-emul.ion drilling mud., emul.ion drilling mud., 
engine oil., gearbox oil. and lubricating oil. and al.o 
metal-worlcing fluid., coolant., cooling lubricant, and 
hydraulic fluid.. A particular advantage of the acetals 
is that they are partially mi.cible with mineral oU 
fraction, and poly^l^^col^'her. . .o that the acetals can 
also be used-together with these compounds. 
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A. . component in the lnvert-.~l.ion drilXinq oud. 
„ul.ion driUin, »ud., .nqine oil.. qe«box oil. .nd 
lubric.tin, oil. .nd^l.oii^l-vorkinq fluid., coolant., 
cooling lubricant, and hydraulic Iluid., the -cetal. .re 
u.ually pre.ent in a quantity ot .^Jea^S_^^5%^--r'^q''^- 
:n the ca.e o£ pirU^rto-^S^ntnub.tltutlon for the 
exi.tin, b... oil. or the oily ph-.e, they fon. up to 
100% by weight ol the.e fluid., with the exception of the 
emul.ion drilling;5|ud._. in which their content i. at »o.t 
50% by weight (the ronminder being water). 

The invention i. explained in -ore detail by reference 
to the example, which follow. 

General in.truction. for-tha preparation of the acet.l. 
used in the following Exaaple. I to IX: 

3.5 BOl of aldehyde. 14 bk,1 of alcohol and 500 g of 
n-hexane. methylene chloride or chloroform are mixed, 1 g 
of p-toluene.ulfonic acid i. added a. catalyst and the 
mixture i. heated to th. boil. The water fonned i. 
di.tilled off ateotropically. After the formation of 
water v., ended, the mixture i. rendered alJcaline with Ha 
methylate .oluticn, and the entrainer and the unreacted 
alcohol are then di.tilled off. The precipitated .alt i. 
then filtered off from the acetal whirh can be di.tilled 
if desired. 
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Physical data: 
Examples I to IX 

Description Melt- Boil- Visco- 

ing in<; 'i-ty 

5 point point mPas, 

I Acetaldehyde <-60-C 246*C 1.4235 2.76 
di-n-hexylacetal 

II Acetaldehyde <-60*C 269'C 1.4350 5.19 
10 di-2-ethylhexyl- 

Gcetal 

III Butyraldehyde <-60*C 196*C 1.4160 1.9 
di-n-butylacetal 

IV Isobutyraldehyde <-60*C 251*C 1.4270 3.8 
15 di-n-hexylacetal 

V Isobutyraldehyde <-40*C 230*C 1.4351 7,7 
di-n-octylacetal 

VI n-Butyraldehydc <-60*C 224*C 1.4370 7.6 
di-n-octylacetal 

20 VII Isononylaldehyde -15*C 239^C 1.4468 40.6 
bia-C|,„4-acatal 

VIII Isononylaldehyde -42*C 300*C 1.4536 183 
bis-C^.-acetal (20»C) 

IX Glyoxal tetrabutyl- <-70*C 278'C 1.4260 6.7 
25 diacetal 

The values given in the list for melting point (pour 
point) and viscosity of the acetals demonstrate the wide 
applicability according to the invention of these com- 
pounds. 



30 Laboratory testing of acetals as substitutes for mineral 
oils in invert-emulsion drilling muds 
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Hud formulation: 

245 ml of acetal according to the invention are placed 
into a Raailton" Beach (HB) sdxer. The BB mixer is 
•witched on in the -high-apeed" position. 
In portion., 8 g of •Tixogel {bentonite rendered hydro- 
phobic, from sadchemie), 9 g of anionic emulaifier (70%, 
dodecylb^enzeneauifonate), 3 g of cationic emulsifier 
(85%, imidazoline type) and 10 g of CaO are added. The 
mixture is stirred for 5 minutes. 105 ml of CaCl, solution 
(20%) are then added in portions. 

After a further 10 minutes stirring time, 275 g of barium 
sulfate are introduced, which raises the density of the 
mud to 1.4 6 g/cm'. The complete mud is stirred again for 
20 minutes. This is followed by measurcmenta of the 
rheology (at 50»C) and of the water loss (25*C) of the 
mud. After ageing for 18 hours at 65.5*C, the mea- 
surements are repeated. Before and after the ageing, the 
electrical stability (ESJ is measured in volt, using the 
Fann model 2 3D. 

Acetals according to Examples I-VI as a base for the 
invert-emulsion muds 1 to 6 

D - comparison sample based on diesel oil 

WL - water loss 

SV - apparent viscosity (mPa s) 

PV - plastic viscosity (mPa s) 

FX - flow limit (lb/100 sq ft) 

10" gel • (lb/100 sq ft) 

10' gel - (lb/100 aq ft) 

The values for SV, PV, FL, 10" gel and 10' gel were 
determined according to API Recommended Practice, 
Standard Procedure of Field Testing Water-Baaed and 
Drilling Fluids 13 B-1 (RP 13 B-l), Section 2, and the 
values for WL were determined according to the same 
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standard. Section 3. 



Test results: Invert-emulsion muds 1 to- 6 
Before aqeing 





1 


2 


3 


4 


5 


6 


D 


ES (V) 


440 


543 


432 


482 


501 


702 


600 


rfL cm* 


1.4 


0.6 


1.8 


1.1 


0,7 


0.6 


0.9 


5V 


18 


27 


15 


22 


43 


36 


28.5 


PV 


16 


24 


13.5 


21 


32 


29 


16 


PL 


4 


6 


3 


2 


22 


14 


25 


10- gel 


0.5 


2.5 


1 


1 


5 


5 
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10' gel 


0.5 


2.5 


1 


1 


5 


5 
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After ageing 
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2 


3 


4 


5 


6 


D 


ES (V) 


456 


634 


500 


600 


530 


794 


750 


WL cm' 


1.4 


0.9 


2.3 


1.2 


0.6 


1.0 


1.1 


sv 


20.5 


31.5 


18.5 


27.5 


50 


42 


33 


PV 


16 


26 


15 


23 


36 


31 


25 


FL 


9 


11 


7 


9 


28 


22 


16 


10" gel 


2 


4.5 


2.5 


3.5 


14 


10 


6.5 


10' gel 


2 


4.5 


2.5 


3.5 


14 


10 


6.5 



By comparison with the sample based on diesel oil, the 
test results show that the compounds according to the 
invention ar e substitutes for m ineral .^ils. By means of 
different combinations of aldehydes and alcohols in the 
acetals, these products have a very wide flexibility as 
a mineral oil substitute in their application. For the 
various fields of application, the required properties, 
especially the pour pointand viscosity, can be adjusted 
within a very wide interval. 
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An invert-emul.ion mud of low density, for example below 
1.20 q/cm', can contain acetals having relatively long 
alkyl radicals for adjusting the hydrocarbon phase to a 
higher viscosity. If, however, it is necessary to drill 
5 at high densities, for example above 2.0 g/cm', acetals 
having lower alkyl radicals are advisable. In this way, 
it is possible to adjust the hydrocarbon phase to 
viscosities which are below those of the normally usable 
mineral oils and virtually equate to that of water. 

10 invert-emulsion muds based on low-viscosity acetals have 
a lower viscosity and., a lower viscosity difference 
between above "ground (about 20'C) and the bottom of the 
well at great depths (for example 150'C) than those based 
on mineral oil. It is possible in practice to formulate 

15 invert-emulsion muds optimized for defined depths and 
formations . 

Testing the lubricating action of acetals as a mineral 
oil substitute in invert-emulsion muds 

The test is carried out using the -Extreme Pressure (EP) 
20 Lubricity Tester- part No. 212-1 from NL Baroid, NL 
industries, Inc. With this, the relative lubricating 
power of mud fluids under extreme pressure is measured. 
At the same torque, the times in various lubricant media 
are measured at which a testing ring rotating against a 
25 testing block seizes. The comparison fluids used are the 
invert-emulsion muds 1 to 6 and D and also a water-based 
drilling mud with 4% of bentonite, whose weight was 
raised with baryte to a density of 1.46 g/cm'. The water- 
based drilling mud contains no added hydrocarbon. 



30 



Results of the lubrication test: 



With the water-based drilling mud, seizing occurred 
at 300 inch/lbs after about 30 seconds. 



/ 
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effects, and there w 



eating effects. 
5 Bdnutes at 300 inch/lb.. 



10 



cetala accordinq to 
X„v«.-e.ul.ion -ud. "--^ .heir lubric.tin. 

..e invention differ J They .re co.- 

.ction fro- water-b..ed ^"^^^ die.el oil. m 

p.„.ie with , ,ood .u..titu«. for 

this respect too, the ^.^ 
^neral oil fraction. «uch as 

* the specific surface pressure of 
comparative testing of the spe 
acetals and other oils- 

• ^he Beichardt frictional 
,He test i. "«^«%:l,rra tn,e. Berlin,, m 
wear balance <J-»J;^;.;,,.ce pressure is measured, 
test method, the specific 

„f diesel oil, •Shell- 
The .specific . '^■^Uo. S^n. about S0% 

Cravex 915 (mixed-base '^^^'^7' ^^^^^.e^e-based, . ^"^V" 
p„.ffin-ba.ed and about 50% napnth ^^.,.,,ehyde 

r^S^^^SS^-foUo-in^^able. 
di-n-octylacetal i» 



20 



Test results: 

Specific 

Lubricant surface pressure 



(bar) 



100 



111 4 

25 Diesel ^il- ^g^Q , 

•Shell-Gravex 915 ^^^^ 122.1 

isobutyraldehydc 

di.2-ethylbexylacetal 

Acetaldehyde 
30 di-n-octylacetal 
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The higher the specific surface pressure at which lubri- 
cation collapses, the better is the lubricating action 
of the fluid. The results show that the acetals according 
to the invention are very suitable as the base or as a 
component of a lubricant formulation. 

Testing the biodegradability : 

The biodegradability is tested by the modified Sturm test 
OECD 301 B, total degradation via CO, measiirement . The 
percentage data relates to the theoretically possible 
quantity of CO,. The CO, was measured over a period of 28 
days. 

Substance 10 mg/1 20 mg/1 Results 



laobutyraldehyde 71% 63% biodegradable 

di-2-ethylhexylacetal 

Acetaldehyde 75% 66% biodegradable 

di-n-octylacetal 

The testing of the biodegradability of isobutyraldehyde 
dibutylacetal is carried out according to the modified 
OECD Screening Test 301 E 12. 

At 95% on average (relative to active compound), the test 
substance reaches IXaverage threshold value of 70% DOC 
reduction (total degradation to CO, and H,0 minimization). 

The acetals according to the invention are distinguished 
by easy biodegradability and have a less toxic action on 
microorganisms . 
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Patent ClaiiDs: 

1. An invert-emulaion drilling mud, •aulaion driHiig 
mud, engine oil, gearbox oil, lubricating oil or 
metal-working fluid, coolant, cooling lubricant or 
hydraulic fluid, which contain* acetala. 

2. An invert-emulaion drilling mud, emulaion drilling 
mud, engine oil, gearbox oil, lubricating oil or 
metal-working fluid, coolant, cooling lubricant or 
hydraulic fluid aa claimed in claim 1, which 
contains acetals based on monovalent aldehydes 
having 1 to 25 and especially 1 to 10 carbon atoms 
and on monohydric alcohols having 1 to 25 and 
especially 4 to 20 carbon atoms. 

3. An invert-emulsion drilling mud, emulsion drilling 
mud, engine oil, gearbox oil, lubricating oil or 
metal-worJcing fluid, coolant, cooling lubricant or 
hydraulic fluid as claimed in claim 2, which 
contains acetal** in which the hydrocarbon radicals 
of the aldehydes and alcohols are linear or 
branched, saturated or unsaturated and aliphatic or 
aromatic. 

4. An invert-emulsion drilling mud, emulsion drilling 
mud, engine oil, gearbox oil, lubricating oil or 
metal-working fluid, coolant, cooling lubricant or 
hydraulic fluid as claimed in claim 1, which 
contains acetals based on dialdehydes and monohydric 
alcohols . 

5. An invert-emulsion drilling mud, emulsion drilling 
mud, engine oil, gearbox oil, lubricating oil or 
metal-working fluid, coolant, cooling lubricant or 
hydraulic fluid as claimed in claim 4, which 
contains acetals in which the dialdehyde components 
have 1 to 10 carbon atoms and the alcohol components 
have 1 to 2 5 and preferably 4 to 20 carbon atoms. 
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6. An invert-eaul.ion drillin, mud. ..ul.ion driUln, 
»ud. ,„,i„e oil, gc.rbox oil. lubricating oil or 
-etal-working fluid, coolant, coolin, lubricant or 
hydraulic fluid a. clal-d in cl.i. 4 or 5, which 
contain, acet.l. in which th. hydrocarbon radical, 
of th. alcohol component, ar. lln.ar or branched, 
-turated or un.aturated and aliphatic or aromatic. 

• An invert-ew,l.ion drillin, ™d. «ml.ion drilling 
»ud, engine oil, ,.arbox oil, lubricating oil or 
metal-workin, fluid, coolant, coolin, lubricant or 
hydraulic fluid a. clai«d in .ny of clai.. 1 to 6, 
wher.in the invert-em^Hon drilling nmd, engine 
Oil, gearbox oil, lubricating oil or metal-worUng 
nuxd, coolant, cooling lubricant or hydraulic fluid 
contain. 0.5 to 100« by weight of acetal. and the 
emul.ion drilling aud contain. 0.5 to 50» by weight 
of acetal.. 

The u.e of acetal. in an invert-e«ul.ion drilling 
n.ud, , .ul.ion drilling »ud, engine oil, gearbox oil, 
lubr eating oil or n«tal-worWn, fluid, coolant, 
cooling lubricant or hydraulic fluid. 

The u.e of acetal. ba.ed on monovalent aldehyde. 
h.vx„, 1 to 25 and e.pecially 1 to 10 carbon ato«. 
•nd «onohydric alcohol, having y to 25 and 
e-pecxally « to 20 carbon atom., a. claimed in claim 

a * 

The u.e of acetal. .. claimed in claim i„ which 
the hydrocarbon radical of the aldehyde, .nd al- 
cohol, are linear or branched, -aturat.d or un- 
"turated and aliphatic or aromatic. 

The u.e Of acetal. ba.ed on dialdehyde. and monohy- 
dric alcohol., a. claimed in claim 8. 



